Barrows with an average initial weight of 55 kg were fitted with simple T-cannulas at the distal ileum. The animals were fed a protein-free diet that consisted of 79.7% cornstarch, 10% sucrose, 3% Alphafloc (a source of cellulose), 3% canola oil and a vitamin-mineral premix. The pigs were fed 700 g of diet twice each day, at 0800 and 2000. A balanced amino acid mixture or a saline solution was administered intravenously while the protein-free diet was fed. Ileal digesta were collected for 24 h following a 7-d adaptation period. The administration of amino acids reduced (P < .05) the recovery of endogenous protein from 18.5 to 12.7 g per kg dry matter intake. For the amino acids, the reduction was only significant (P < .05) for proline, from 3.6 to .6 g per kg dry matter intake. If the total endogenous protein losses are assumed to be constant and the differences in the amino acid composition of non-reabsorbed endogenous protein, as observed in this study, are used to calculate true ileal digestibilities, differences in the digestibilities of the indispensable amino acids are large (up to 7.4 percentage units for threonine). The amino acid composition of endogenous protein determined in pigs fed a protein-free diet and parenterally administered with amino acids should provide a better estimate for the calculation of true amino acid digestibilities when based on the determination of true protein digestibility by the 15N-isotope dilution technique.
Introduction
The ileal analysis method is the preferred method for the determination of amino acid digestibilities in feedstuffs for pigs at present (Tanksley and Knabe, 1984; Sauer and Ozimek, 1986) . Measurements obtained with 2To whom requests for reprints should be addressed. 3Academy of Agric. Sci., Oskar Kellner Institute, Rostock, G.D.R.this method are confounded by non-reabsorbed endogenous amino acids. With the traditional methods used to calculate true amino acid digestibilities, it is assumed that the amount of endogenous protein and the amino acid composition of endogenous protein is not affected by the amount of protein or other components in the diet (Carlson and Bayley, 1970) . Studies have indicated that these assumptions can be questioned (Krawielitzki et al., 1977; Souffrant et al., 1986; de Lange et al., 1989) . The newly introduced lSN-isotope dilution technique (Souffrant et al., 1986) allows for a clear differentiation between non-digested dietary and endogenous protein, but uncertainty remains whether the amino acid composition of endogenous protein is affected by the amount of dietary protein or the protein status of the animal. ~l'he vitamin and mineral mixture provide the following per kg diet: 1,300 IU vitamin A; 150 IU vitamin D3; 11 IU vitamin E; 2 mg vitamin K3; 2.2 mg riboflavin; 12 mg niacin; 11 mg pantothenic acid; 11 o.g vitamin B12; 550 mg choline; 1.1 mg thiamine; 1.1 mg pyridoxine;. 1 mg biotin; .6 mg folic acid; 50 mg Fe; 50 mg Zn; 2 mg Mn; 3 mg Cu;. 14 mg I; .15 mg Se.
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A study was conducted to determine whether the i.v. infusion of a balanced amino acid mixture affected the recovery of amino acids and the amino acid composition of endogenous protein in digesta collected from the distal ileum in pigs fed a protein-free diet.
Experimental Procedure
Four barrows (Lacombe x Yorkshire) with an average initial body weight of approximately 55 kg were surgically fitted with simple T-cannulas at the distal ileum according to procedures adapted from Sauer et al. (1983) . The cannulas were modified according to de Lange et al. (1989) . Following surgery, the animals were housed individually in stainless steel metabolic crates in a temperaturecontrolled barn (20 to 22~
During the recovery period, at least 10 d, the animals were fed an 18% crude protein starter diet (Saner et al., 1983) .
Polyvinylchloride catheters were implanted surgically into the external jugular vein ac5Ismatic MP13, Ismatic, Zurich, Switzerland. 6Beckman 121MB, Beckman Inst. Inc., Palo Alto, CA. cording to the method of Weirich et al. (1970) , 2 d prior to the initiation of the first experimental period. The experiment was conducted using a simple cross-over design. In each experimental period, the animals were offered 700 g of a protein-free diet (Table 1) twice daily, at 0800 and 2000, for 8 d. This diet was similar to the control diet used previously (de Lange et al., 1989) . Chromic oxide was included in the diet as the marker for the determination of the recovery of protein and amino acids in ileal digesta. Water was available from a lowpressure drinking nipple. A complete mixture of amino acids (Table 2 ) was infused continuously into two animals via the jugular vein at a rate of 2,970 ml per day, using a peristaltic pump 5. A sterile saline solution (Table 2 ) was infused i.v. into the other animals at a similar rate and represented the control treatment. Ileal digesta were collected continuously for 24 h on d 8. The procedures involved in the collection were described previously (de Lange et al. 1989 ). The digesta were frozen immediately after collection.
The animals were allowed a recovery period of 8 d between the two experimental periods. During this time, they were fed an 18% crude protein starter diet (Sauer et al., 1983) . No blood could be withdrawn from the jugular catheters in two of the animals. We, therefore, decided to remove the catheters and to place a new catheter in the opposite external jugular vein 2 d prior to the start of the second experimental period. However, problems with feed intake occurred, and the experiment was repeated with animals of similar background and weight. Observations of animals with a feed intake of less than 90% of the daily allowance were not included in the analyses.
The animals were sacrificed at the conclusion of the experiment and dissected to determine whether cannulation had caused intestinal abnormalities.
Analytical and Statistical Procedures. Ileal digesta were pooled per animal and per experimental period after the conclusion of the experimem. The pooled samples were freezedried, ground in a Wiley mill through a 1.0-mm mesh screen and thoroughly mixed before samples were taken for further analyses. Analyses for N and dry matter were carried out according to AOAC (1980) . Chromic oxide concentrations in feed and digesta were determined according to Fenton and Fenton (1979) . Amino acid analyses were performed following acid hydrolysis in 6 N HCI for 24 h using an amino acid analyzer 6 (Blackburn, 1968). All analyses were performed in duplicate. The results were subjected to least square analyses of variance of unequal numbers (Harvey, 1960) . Least square means for treatment differences were compared using Student Newman-Keuls multiple range test (Steel and Torrie, 1980) . Four valid observations were obtained for each treatment from five different animals in three experimental periods. Cannulation did not result in intestinal abnormalities in these animals. A cross-over design could not be used for statistical analyses. When animals were used as blocks in a randomized block design, the animal effects were not significant (P > .05) for total endogenous protein (N x 6.25) and amino acid recoveries, or for amino acids expressed as a percentage of total endogenous protein. The animal effect was significant only (P < .05) for dry matter digestibility. When the period and treatment effects were included in the model as sources of variation, the period effect was not significant (P > .05) in all cases.
It was therefore decided to use one-way analyses of variance with treatment as source of variation to increase the degrees of freedom in the error term.
Results end Discussion
An average of 208 g of amino acids were administered parenterally per animal per day. This is below the NRC (1979) standards for total dietary crude protein requirements for a 35-kg to 60-kg growing pig. The quality of the administered amino acid mixture, however, was presumably extremely high. The daily allowance of lysine was 95% of the NRC (1979) standards, and the daily allowance of the other amino acids exceeded NRC (1979) standards. The NRC (1979) standard values refer to total dietary intake of crude protein and amino acids that are not completely available to the animal. Because the infused amino acids are available readily to the animal, the daily allowances of protein and amino acids most likely exceeded requirements.
The recoveries of endogenous protein and amino acids in ileal digesta are presented in aStandard error of least square means. b.cMeans in the same row with different superscript letters differ (P < .05). Table 3 . These values refer to the balance of secretion and reabsorption, because a certain proportion of endogenous protein will be digested and reabsorbed (Low, 1982) . The recovery of endogenous protein in ileal digesta was lower (P < .05) when amino acids were administered intravenously. A major part (52%) of this difference was due to a decrease (P < .05) in the recovery of proline. The recoveries of the other amino acids also were reduced, although changes were not significant (P > .05). The amount of endogenous protein recovered in ileal digesta for the control treatment (Table 3 ) was 36% lower than in the previous study (de Lange et al., 1989) . This difference resulted largely from a lower recovery of proline. In fact, the recoveries of most of the other amino acids were higher in the present study. The proline recoveries in other studies ranged from 1.1 to 5.9 g per kg dry matter intake (Holmes et al., 1974; Sauer et al., 1977; Wuensche et al., 1979; Taverner et al., 1981) . The recovery of endogenous protein in the aforementioned studies ranged from 10.0 to 17.5 g per kg dry matter, which is in agreement with the present studies.
The recovery of proline in ileal digesta, when amino acids were administered intravenously (Table 3) , was lower than any of the values reported in the aforementioned studies. Whether this reduction is due to a decreased secretion into the digestive tract or to an increased efficiency of reabsorption is unknown. Limited information is available on the exocrine secretory responses of gastrointestinal organs to dietary protein levels. Corring and Saucier (1972) observed a reduction in pancreatic trypsin, chymotrypsin and amylase secretions when a protein-free diet was fed. But no reduction in the total protein secretion was detected. A reduction in the dietary protein content decreased pancreatic secretions of trypsin, chymotrypsin, amylase and lipase as well as total protein in studies by Ozimek et al. (1985) . Differences in pancreatic secretions of non-amino-acid N may explain some of the differences between the observations of Corring and Saucier (1972) and Ozimek et al. (1985) . Animals fed a protein-free diet will mobilize body protein, especially muscle protein, to supply amino acids for vital metabolic functions. Alanine and, especially, glutamine account for more than 50% of the total ~-amino-acid N released from muscle tissue (Rodwell, 1985) . The tissue of the intestinal tract takes up large quantifies of glutamine, which can be metabolized to glutamate plus ammonia, citrulline and proline (Rodwell, 1985; Rogers and Phang, 1985) . One can speculate that the relatively large supply of glutamine to the gut in pigs fed a protein-free diet may result in a higher rate of production of proline, which in turn can lead to an increased secretion of proline into the lumen of the gut. Karasov et al. (1986) showed that the absorptive capacity for amino acids in the small intestine in rats is affected by the protein content of the diet. The change in absorptive capacity per unit change in dietary protein content was largest for proline and aspartate and smallest for the indispensable amino acids, especially leucine. The capacity of the transport systems may be affected by the i.v. administration of amino acids and can contribute to differences in the recovery of amino acids at the distal ileum. When the recoveries of endogenous amino acids were expressed as a percentage of total endogenous protein, differences (P < .05) between treatments appeared for all amino acids with the exception of arginine, isoleucine, methionine, alanine, aspartic acid, glycine and serine (Table 4 ). The abundance of proline in ileal digesta from the control treatment depressed the relative concentration of the other amino acids. Concentrations were higher for all amino acids with the exception of arginine, alanine, glycine and proline than any of the values reported in other studies (Holmes et al., 1974; Sauer et al., 1977; Wuensche et al., 1979; Taverner et al., 1981; de Lange et al., 1989) . These differences in amino acid composition of endogenous protein can affect the estimation of true amino acid digestibilities.
The true amino acid digestibilities from a barley and a barley-soybean meal diet were calculated (Tables 5 and 6 ). The apparent digestibilities of the barley diet (103 g crude protein per kg dry matter) were derived from Sauer et al. (1981) . The values for the barleysoybean meal diet (165 g crude protein per kg dry matter) were derived from Saner and Thacker (1986) . The first two columns of true digestibilities in Tables 5 and 6 were calculated using the recoveries of amino acids in ileal digesta determined in the present experi- (1981) , variety Klondike. bCalculated in three different ways using: I) recovery of protein and amino acids when administering amino acids parenterally (Table 3) ; 2) recovery of protein and amino acids when administering saline parenterally (Table 3) ; and 3) recovery of protein when administering saline parenterally (Table 3 ) and amino acid composition of endogenous protein when administering amino acids parenterally (Table 4) . ment (Table 3) . The values in columns 1 and 2 differed markedly for glycine and proline. Proline, and probably glycine, recoveries in ileal dlgesta most likely were overestimated when the protein-free diet was fed, resulting in calculated true amino acid digestibilities exceeding 100%. The differences for the important indispensable amino acids in practical diet formulation were relatively small. For the barley diet, these were 1.7, .5 and 2.3 percentage units for lysine, methionine and threonine, respectively; for the barley-soybean meal diet these were .8, .3 and 1.5 percentage units, respectively. These differences were larger for the barley than for the barleysoybean meal diet. Because of the lower protein content of the barley diet, endogenous protein contributed relatively more to the total amount of protein recovered in ileal digesta. Differences in the recoveries of endogenous amino acids will result in larger differences between calculated true ileal amino acid digestibilities for the barley than for the barley-soybean meal diet. The protein status of the animal does not markedly alter the calculated true amino acid digestibilities of the important indispensable amino acids. The other criticism on the determination of true amino acid digestibilities remains (i.e., that endogenous protein and amino acid recoveries are not determined directly when protein-containing diets are fed).
The only available method, at present, to determine the endogenous protein recovery, when protein-containing diets are fed to pigs, is the ~SN-isotope dilution technique (Souffrant et al., 1986) . This technique, as developed to date, only measures the total endogenous protein recovery for the determination of true protein digestibilities. Assumptions have to be made concerning the amino acid composition of endogenous protein in order to calculate true amino acid digestibilities from the true protein digestibilities determined with the tSNisotope dilution technique. The third column of true amino acid digestibilities (Tables 5 and 6) were calculated using the recovery of endogenous protein determined in the control treat- Ihacker (1986) . bCalculated in three different ways using: 1) recovery of protein and amino acids when administering amino acids parenterally (Table 3) ; 2) recovery of protein and amino acids when administering saline parenterally (Table 3) ; and 3) recovery of protein when administering saline paremerally (Table 3 ) and amino acid composition of endogenous protein when administering amino acids parenterally (Table 4) . ment (Table 3) but the amino acid composition of endogenous protein was presumed to be equal to that from animals in which amino acids were parenterally administered (Table 4 ). This makes calculated true protein digestibilities similar in columns 2 and 3 (Tables 5 and  6 ), but the calculated true amino acid digestibilities differ due to differences in the amino acid composition of endogenous protein (Table  4) . For the barley diet the differences were 4.4, 4.8 and 7.4 percentage units for lysine, methionine and threonine, respectively; for the barley-soybean meal diet the differences were 2.4, 3.3 and 4.6 percentage units, respectively. These calculations illustrate that an accurate estimation of the amino acid composition of endogenous protein is crucial for calculating true amino acid digestibilities based on the determination of true protein digestibility with the 15N-isotope dilution technique.
As discussed previously by Sauer et al. (1977) and de Lange et al. (1989) , the feeding of protein-free diets leads to an overestimation of the recoveries of endogenous proline and glycine in ileal digesta. On the other hand, the total recovery of endogenous protein probably is underestimated when a protein-free diet is fed (Krawielitzki et al., 1978) . The i.v. administration of a balanced amino acid mixture, compared with saline, reduced endogenous proline. The amino acid composition in ileal digesta determined in pigs fed a proteinfree diet and parenterally administered with amino acids probably will provide a better estimation of the amino acid composition of pigs fed protein-containing diets than the composition in ileal digesta of pigs just fed a protein-free diet. Therefore, when the 15N-isotope dilution technique is used to determine the true protein digestibility, the amino acid composition in ileal digesta from pigs parenterally administered with amino acids should be employed to calculate true amino acid digestibilities. 
